Purpose: This study was conducted to evaluate the effects of neck and trunk stabilization exercise on static and dynamic balance in older adults. Methods: A total of 30 older adults participated in this study. Participants were randomly assigned to the neck and trunk stabilization exercise group (NTSG) (n= 15) or the trunk stabilization exercise group (TSG) (n= 15). The NTSG performed a trunk stabilization exercise added to a neck stabilization exercise that included biofeedback. Both groups received training for 30 minutes per day three times per week for eight weeks. The anterior, posterior limit of stability and sway length was used to measure static balance ability, while the timed up and go (TUG) test was used to measure dynamic balance ability. Results: Participants showed significant differences in sway length, anterior limit of stability, posterior limit of stability, and the results of the TUG test between their pre-and post mediation evaluations (p< 0.05). The NTSG showed a more significant increase than the TSG (p< 0.05). Conclusion: According to the results of this study, both exercises effectively improved static and dynamic balance ability. However, the neck and trunk stabilization exercise is more efficient for increasing the balance ability of older adults.
INTRODUCTION
Recent advancements in medicine and economic development have increased the average life expectancy, which has led to an increase in the proportion of elderly people in the population. As the number of elderly people has increased, the aging of the population has become an important social issue. Korea has already become an aging society; in 2000, elderly people accounted for 7.2% of the total population, and this figure is expected to reach 14.4% by 2019. 1 An aging population entails both social and psychological problems; many elderly people feel socially isolated and face economic hardships while suffering physical conditions, such as those resulting from chronic or degenerative diseases, and mental conditions, such as depression and a sense of isolation. 2 Function degradation of the elderly causes injuries in them, which take a great economic toll not only on the elderly but also on society as a whole. In order to alleviate this toll, solutions to function degradation in the elderly population must be found. 3 Aging causes functional and structural changes in elderly people.
These changes cause muscle weakness that results from a reduction of muscle area and size, which leads to a decline in physical function. 4, 5 Physical and functional changes in the elderly affect their ability to carry out daily activities. 6 In particular, muscle weakness of the trunk and pelvic limbs and decreased proprioceptive sensibility might hamper mobility and balance. 7 These changes increase the risk of injury from falls. 8 Balance can be divided into static balance and dynamic balance.
gravity while the body is moving. 9 Maintaining balance requires vestibular function, visual information, proprioceptive sense, musculoskeletal function, stability of the trunk, and cognitive ability.
Aging deteriorates these functions and can lead to falls. 10 Many forms of exercise, such as muscle strengthening exercise, flexibility exercise, and aerobic exercise, can enhance the balance of elderly people and help them maintain or build muscle mass. The usefulness of these exercises has been proven. 11 The trunk stabilization exercise based on the strengthening of the core muscle for static body position. 12 Hess and Woollacott 13 said that high-intensity muscle strengthening exercise is effective for elderly people whose balance ability is impaired and that this exercise effectively reduces the risks of getting hurt from a fall. Horak et al. 14 said that the elderly use a hip strategy to keep balance, and since this hip strategy uses proximal muscles like abdominal muscles, and Granacher et al. 15 said that trunk muscle strength are associated with variables of static/dynamic balance, functional performance, and falls. Hodges and Richardson 16 conducted a study using an electromyogram and found that trunk muscle activities are essential for maintaining the stability of the lumbar and that transverse abdominal muscle and the multifidus muscle each have shorter a muscle contraction on-set time than the muscles that move the limbs. They also found that the contraction of trunk muscles, such as the musculus transversus abdominis, and the stability of the trunk, which refers to a person's ability to control the movement of joints both consciously and unconsciously, are important for a person's ability to move in a certain way. 17 In addition, they also found that the ability to control one's head is important for controlling posture and balance. 18 Gorden and Ghez 19 emphasized that while the neck muscles are shorter and thicker than other muscles, the neck muscles have the highest concentration of muscle spindle out of all human muscles and exchange information through nervous system networks, such as the vestibulospinal reflex, the vestibulocollic reflex, and the vestibuloocular reflex, which control the arrangement of the head and trunk. Neck muscles help to support the head in a stable way, to hold one's gaze, 20 and to maintain whole-body activity. 21 Based on the findings of these previous studies, the stability of the trunk and neck are clearly important for maintaining balance and posture, and both trunk stabilization and neck stabilization exercises are required to enhance the balance of the elderly.
A limitied number of studies emphasize the effect of neck, trunk stability on posture control. Research into the correlation of neck stability with trunk is currently insufficient especially for elderly people. Therefore, studies on the impact of trunk and neck stabilization exercises on the static and dynamic balance of the elderly need to be conducted in order to fill a gap in knowledge on the subject.
METHODS

Subjects
A total of 30 senior citizens who were over 65 years old from the K Senior Welfare Center in K City were selected for the study. Table 1 .
This study was performed in compliance with the ethical principles of the Declaration of Helsinki. The subjects agreed to participate in the study after receiving explanations of the purpose and procedures of the experiment, and they signed an informed consent statement before participation. The protocol for this study was approved by the ethics committee.
Experimental methods
1) Interventions
For the trunk stabilization exercise, three exercises were conducted. Both groups received training for 30 minutes per day three times per week for eight weeks. A preliminary evaluation of each patient was conducted before starting the program and reevaluation was conducted after eight weeks.
2) Measures
(1) Balance analysis system
To measure balance, a biofeedback analysis system (AP1153 Biorescue, France), which measures the static and dynamic balance of patients, healthy people, and athletes, was used. The participants were asked to stand and keep their eyes forward, were informed of the measuring method through a monitor, and were shown a demonstration before the measurement was taken. The participants were asked to stand for one minute as they maintained balance and kept their eyes forward to measure sway length based on pressure. They maintained balance by using an ankle strategy, following directions from the monitor. Then anterior limit of stability and posterior limit of stability were measured to compare balance. impairment. The interrater reliability of the study was r= 0.99 and the intrarater reliability was r= 0.98. 26 The measurements of the TUG test were made three times to calculate the average results.
(3) Pressure biofeedback unit (PBU)
A PBU (Chattanooga Group Inc., Hixson, USA) was used for the neck stabilization exercise. The PBU consisted of a measuring instrument, an air bag, and pneumatic pumps.
Statistical analysis
Statistical processing of the data was conducted using SPSS ver. 12.0, and descriptive statistics were used to analyze the subjects' general
characteristics. An independent t-test was used to examine the homogeneity of the participants. Two-way repeated ANOVA was used to compare of balance ability according to training period and type on groups. Training group was set as the factor of between-subject, and Period was set as the factor of within-subject. And Variables of balance ability were set dependent variable. An independent t-test was conducted to examine the differences between the two groups.
A statistical significance level was set at p < 0.05.
RESULTS
In results of two-way repeated ANOVA to compare of balance ability according to training period and type on groups, for sway length, anterior limit of stability, posterior limit of stability and TUG, there were no significant difference in between-subjects effect (p> 0.05).
But, there were significant difference in within-subject effect according to period and in interaction of group and period (Table 2) .
For sway length, anterior limit of stability, posterior limit of stability and TUG, two-way repeated ANOVA did'nt show significant effects of group (p> 0.05). But, two-way repeated ANOVA showed signifi-
DISCUSSION
Aging is accompanied by degradation of the body, such as muscle atrophy, muscle weakness, and musculoskeletal system degradation, 27 and this degradation causes reduced balance and difficulties carrying out daily activities. 28 Many studies have been conducted on the musculoskeletal system to help the elderly maintain or enhance their balance. According to these studies, the reaction time of the ankle muscles, which maintain balance, of the elderly was longer than that of young people. A significant reduction in the muscle strength of the ankle has been observed among the elderly. In order to maintain balance, elderly people can carry out hip joint and trunk exercises. 14 Timed Up and Go Test (TUG) and 6m Walking Test (6MWT) have significantly improved after a trunk stabilization exercise using swiss ball and core stabilization exercise were performed. In a study of stroke patients conducted by Yoon et al., 32 more significant improvements were observed in an experiment group than in a control group in an modified Forward Reach Test after carrying out an abdominal draw-in maneuver. In the present study, significant improvements in sway length of center of pressure in the standing position, anterior limit of stability, and posterior limit of stability were found in participants who underwent the trunk stabilization exercise, and these findings were similar to those of previous studies.
Since the TUG times of the participants were significantly reduced after the exercise was completed, the exercise likely enhanced the balance of the participants. Based on these findings, the trunk stabilization exercise can likely be used to enhance the static and dynamic balance of the elderly. 
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External information from the surrounding environment and internal information from within the body are delivered to the trunk and neck, allowing the limbs, including the neck, to coordinate with each other. Among them, the head and neck set body standards for the surrounding environment and provide information that allows posture to be controlled. 33 To enhance the mobility of the distal parts of the body, including the neck, the trunk stabilization exercise should be conducted. The significance of the trunk stabilization exercise has been confirmed by previous studies. 34 Since the elderly experience degradation of general body structure and functions, the effects of which negatively affect their balance, recovering the stabilization and balance of the neck and trunk is important for the elderly. Since muscle strength and the stability of neck muscles are related to the stabilization of the trunk, it was believed that these two factors might influence the stabilization of the trunk and balance.
In this study, the NTSG showed more significant improvements in their static and dynamic balance than the TSG. In addition, the TUG time decreased significantly after the exercise. These findings, along with previous study results, support the idea that strengthening the neck muscles enhances the stability of the head, which has positive effects on people suffering imbalance due to a lack of body stability and mobility. 35 In a previous study conducted by Falla, 36 While many studies on the elderly reported that exercise improved their muscle strength, flexibility, balance, and mobility and therefore enhanced their ability to carry out daily activities, effective exercise programs have not been introduced to the elderly because of their tendency to perform only limited activities as they age. Since more than 50% of the elderly over 65 years old fear falling, they avoid active and functional activities. Considering these factors, it is believed that the trunk and neck stabilization exercises in the present study can be used to enhance the static and dynamic balance of the elderly. Many elderly people participated in the study because the exercises used in this study can easily be carried out in a lying position on a broad foundation, which prevents them from falling, at home by themselves. More studies need to be conducted not only on the balance of the elderly but also on their walking abilities and how to prevent their falls.
